Abstract. The electronic properties of H-terminated armchair graphene nanoribbons (AGNRs), which can be adsorbed with double and single Aurum atoms, are investigated using the local density approximation based on density functional theory. The results indicate that double Aurum adsorbed AGNRs are a direct band gap semiconductor with an energy gap of 0.888 eV due to involving hybridization and charge transfer among C-2p and Au-6s, 6p, 5d electrons near the Fermi level. The H-terminated AGNRs for single Au-adsorbing is an indirect band gap semiconductor with energy gap of 0.543 eV due to hybridization among C-2p and Au-6s, 6p electrons and electrical conductivity of Aurum atoms. The Fermi level is located on conduction band so that the H-terminated AGNRs of single Au-adsorbing become into degenerate semiconductor. The charge density is located around Au atoms. Their band gap decrease with adsorbing Aurum atoms.
Introduction
Low-dimensional carbon structures are a really promising group, due to their unique geometrical structures and remarkable electronic [1] [2] [3] . Field-effect transistors and micromechanical resonators based on GNRs have already been produced [1] . Recently, graphene nanoribbons (GNRs) have been studied widely. The graphene sheet is cut to obtain GNRs. The electronic properties of GNRs, including zigzag edge graphene nanoribbons (ZGNRs) and armchair edge graphene nanoribbons (AGNRs), have been explored by M. Ezawa [6] . GNRs present very rich edge chemistry compared to pristine. The impact of ________________________ Wei-Hua WANG, Cui-Lan ZHAO, Pei-Fang LI, College of Physics and Electronic Information, Inner Mongolia University for Nationalities, Tongliao 028000, China. chenqiwangweihua@163.com incorporation of impurities, defects and different edges on GNRs electronic properties have been widely explored [5, 7] . The adsorption of O2 molecules on GNRs have been studied via density functional theory by Ali Fathalian [8] . The doping atoms and adsorption atoms have been found to play an important role. The size-dependent electronic structure of oxygen-terminated zigzag graphene nanoribbons was studied using standard density function theory by A. Ramasubramaniam [9] .
The semiconducting behavior of oxygen-terminated zigzag graphene nanoribbons was predicted. The interactions between boron and nitrogen dopant atoms in graphene were studied by N. Al-Aqtash et al. [10] . It was shown that the B-B and N-N interactions are repulsive and the B-N interaction is attractive. The charge transfer between the molecules and the graphene surface was discussed using first-principles calculations by O. Leenaert et al. [11] . However, Au-adsorbing H-terminated AGNRs for different configurations have not been studied. The metal adsorbing H-terminated AGNRs have not yet been deeply researched.
In this communication, we investigate the electronic properties of Au-adsorbing H-terminated AGNRs for double and single configurations, using first principle calculations. The electronic properties of H-terminated AGNRs is tuned by adsorbing Au atoms for different configuration.
Modeling and Computational Methods
The Au-adsorbing H-terminated AGNRs for double and single configurations were relaxed using density function theory (DFT) with norm-conserving pseudopotential. The periodic supercell calculations were performed using the QUANTUM ESPRESSO package [12] . The plane-wave cutoff energy was set to 110 Ry to achieve the calculation efficiency and accuracy. The periodic boundary condition was maintained along the z axis with a k-point sampling of 1×1×41 Monkhorst-Pack grid. In order to avoid interaction between the nanoribbon with its periodic images, a vacuum padding of 6.8 Å and 18 Å were set along the x and y axis, respectively. The H-terminated AGNRs produced by adsorbing Aurum atoms for double and single configurations in the supercell with H-termination edges are shown in Figure 1 . The optimization of the Au-adsorbing AGNRs was carried out for all the internal structural parameters by the quasi-Newtonian algorithm and minimization. The valence electronic states C-2s, 2p, Au-6s, 6p, 5d and H-1s are considered in our calculations. 
Results and Discussion

Band Structure
The calculated difference charge density and quantity plots of H-terminated AGNRs for different Aurum adsorbed configurations are shown in Figure 2 and Figure 3 . The charge plots indicated the charge density is increased around Au atoms, as shown in Figure 2 . Figure 2 (a, b) show that the charge density is higher near Au atoms and lower near C atoms. It is shown that strong localization around Au atoms is induced. Charge densities of about 0.4754 e -/Å 3 and 0.4667 e -/Å 3 are transferred from C to Au atoms for double and single configurations adsorbing from Figure 3(a, b) , respectively. The bonding interaction between the C and H atoms are reduced due to strong localization, as shown in Figure 2 (a, b) , so the stability and conductivity of the system is determined due to the charge transfer by adsorbing atoms. The band structures of H-terminated AGNRs for different Aurum adsorbed configurations are presented in Figure 4(a, b) . Figure 4 (a) shows that the H-terminated AGNRs with double adsorbing configurations are a direct band gap semiconductor with an energy gap of 0.888 eV. Six extra bands are induced due to Aurum atoms near the Fermi level, more than the bare AGNRs. The H-terminated AGNRs with single Au adsorbing configurations become into degenerate semiconductor with an energy gap of 0.543 eV because of Fermi level located in the conduction band, as shown in Figure 4 (b). Since additional p z electrons of the edge C atoms participate in π* bonds with C and Au atoms, the energy bands appear near the Fermi level. In H-terminated AGNRs with double and single adsorbing configurations, additional electronic states appear in the valence band and in the conduction band, which are attributed to Au-6s, 6p, 5d and H-1s electron states, minimize the band gap and give rise to degenerate semiconductor. Therefore, Au adsorbed AGNR can be used to produce optical devices based on the same ribbon structure to improve the electronic properties due to different doping configurations. Near the Fermi level the valence band structure is disturbed due to Au adsorbed atoms. They have more conducting channels due to having the most extra conductive bands, as shown in Figure 4 (a, b) . The localization of energy states induced near the Fermi level by Au doping is due to symmetry breaking occurring in double and single Au adsorbing H-terminated AGNR. The conductivity of the H-terminated AGNR with double and single adsorbing configurations is therefore superior to the bare AGNRs. 
Density of States and Projected Density of States
The calculated electronic density of states (DOS) and projected density of states (PDOS) near the Fermi level for double and single Au adsorbing H-terminated AGNRs are shown in Figures 5 and 6. The double Au adsorbing H-terminated induce a localization state which is caused by the Au-6s, 5d electronic states at -2.23 eV in Figure 5 (a). The localization causes conductivity and reduces the band gap of double adsorbing H-terminated AGNRs. The C-2p and Au-6s, 6p, 5d electrons contribute to the upper valence band and lower conduction band near the Fermi level in the double Au adsorbing H-terminated AGNRs in the Figure 5 (a). Strong hybridization is produced among C-2p and Au-6s electrons, enhancing conductivity of the ribbons near the Fermi level. This is explained in term of charge transfer between C and Au atoms. As shown in Figure 5 (b), the density contribution of energy bands of single Au adsorbing H-terminated AGNRs are mainly induced by C-2p, Au-6s, 6p, 5d states. A number of additional electronic states are located near the Fermi level due to hybridization among C-2p, Au-6s, 6p, 5d electrons in the adsorbing structures. This is due to charge transfer between the C and Au atoms. These energy bands cross the Fermi level and make the single adsorbing H-terminated AGNRs degenerate semiconductor. In the single Au adsorbing ribbons, the sharp peak in the valence band is induced by electronic states of Au-5d. The sharp peak is corresponding to localization states at -2.17 eV in the valence band. These phenomenons occur because Au and H atoms provide an extra electron to saturate the dangling σ electron of carbon atoms at the armchair edge. A quantum confinement effect results due to the impurities. 
Conclusion
In summary, the effects of impurity Au atoms on the structural and electronic properties of H-terminated AGNRs have been examined. The charge density is reduced around C and H atoms and increased around Au atoms. Our results show strong hybridization in the conduction band and valence band and many additional electronic states are induced by the C-2p and Au-6s, 6p, 5d electrons near the Fermi level. The single adsorbing H-terminated AGNRs become degenerate semiconductor because of Fermi level crossing in the conduction band with an indirect band gap. The Au-6s, 6p electronic states cause a localization state to be induced by the C atoms. It can be seen that double and single configurations Aurum adsorbed AGNRs provide a wide range of possible electronic properties based on the same ribbon structure but with different doping configurations.
